1 transport in large metropolitan areas facilitates the mobility of passengers and goods, thus improving the quality of life [Ahanchian et al. 2014 ]. However, it may have an adverse effect on the environment, especially by affecting the air quality [Martínez-Jaramillo et al. 2017 ]. The results of research studies carried out worldwide demonstrate that means of transport are one of the largest sources of dust-gas emissions into the air, including the greenhouse gases (e.g., CO 2 ) [Dulal et al. 2011; Grazi et al. 2008] . More and more frequently, the travellers expect public transport to be not only well organized, but also eco-friendly. Therefore, a need to limit the influence of public transport on the environment, especially on air quality, is a major challenge for urban areas which are subjected to enormous human pressure due to the recently increased car traffic [Kumar Pathak et al. 2016; Moreno et al. 2015; Nanaki et al. 2017] . Oceniono wpływ modernizacji taboru autobusów w badanym okresie na wielkości emisji do powietrza najistotniejszych zanieczyszczeń komunikacyjnych. Badania potwierdziły sumaryczną redukcję wielkości emisji z autobusów w latach 2010-2015 na poziomie: ok. 28 % -NOx, ok. 35 % -PM10, ok. 39 % -PM2.5 ok. 43 % -NMVOC.
Abstract
Efficient and environmentally friendly public transport is a requirement of a modern city. For many years, Krakow has been building a modern multimodal transportation system, with the bus services playing a significant role. The article presents the results of the studies carried out on the fleet of urban buses operating within the Krakow agglomeration in the years 2010-2015. The influence of modernization of the urban bus fleet in the specified period on emissions of the most significant air pollutants into the air was evaluated. The studies have confirmed a total reduction in emissions from buses during the study period at levels of approximately 28 % for NOx, approximately 35 % for PM10, approximately 39 % for PM2.5 and approximately 43 % for NMVOC.
level of their emissions into the air. The studies were conducted using the computer program COPERT 4, created at the Aristotle University of Thessaloniki in Greece, based on the CORINAIR methodology developed by the European Environment Agency (EEA) [Gkatzofilias et al. 2012; Hausberger et al. 2009; Kouridis et al. 2013; Rexeis et al. 2013 ].
THE SYSTEM OF KRAKOW PuBLIC TRAnSPORT
The city of Krakow, with its compact development and a dense network of roads, requires effective transport policy, including policy on public transport. This policy should be aimed at According to the information provided by ZIKiT, at the end of 2015, the length of the daily routes of tram lines was close to 102 km, while the daily bus lines covered more than 1,000 kilometres.
ZIKiT estimates that each day, the public transport vehicles carry out about 1.2 million journeys (0.5 million passengers), and their number is constantly increasing. The modern fleet and more frequent services of buses and trams contribute to the increasing interest of the residents in using public transport. This trend has been noted in the statistics regarding ticket purchase. Thanks to the numerous nationwide innovative solutions, the organization of public transport system in Krakow is one of the best in Poland, and the city has become one of the pioneers in the field of testing spatial solutions friendly to users and the implementation of projects aimed at privileged tram and bus communication.
RESEARCH METHOdOLOGY
In order to carry out research studies related to the estimation of the dust-gas emissions into the air from urban buses in the Krakow metropolitan area, CORINAIR methodology was used, mileage in urban traffic, extra-urban traffic and on highways [Hausberger et al. 2009 ].
The total of a vehicle is calculated as the sum of three emissions:
cold, hot and emission from evaporation. For each of them, the factors are calculated separately. In the study conducted on the fleet of urban buses in Krakow, the total emission was expressed only as the hot emission. For this category of road vehicles, the cold emission (emission up to a point when appropriate thermal parameters of the engine are reached) is not calculated because the methodology assumes that a bus that is leaving already has a warmed-up engine. Accordingly, in this case, it is not required to enter the meteorological data for the calculation period. Moreover, the emission from evaporation, which takes into account the evaporation of gasoline, is also omitted due to the fact that the analysed fleet of buses is equipped with combustion engines powered by diesel fuel with a very low coefficient of volatility [Gkatzofilias et al. 2012 ].
The input data for the calculations of emissions were provided by the carriers, namely: MPK S.A. and Mobilis group Sp. z o. o.
EVALuATInG THE CHAnGES In POLLuTAnTS EMITTEd InTO THE AIR FROM THE KRAKOW uRBAn BuS FLEET In THE YEARS 2010-2015
The performed studies aimed to evaluate the influence of (Table 1) were owned by the company Mobilis group. In the fleet of MPK S.A., they accounted for less than 2 %, half of which were the midi vehicles, and rest were the vehicles powered by natural gas CNG. Due to lack in the CORINAIR methodology of emission factor for the calculation of emissions from the buses powered by natural gas CNG, meeting the Euro IV emission standard -in the calculations, the buses of MPK S.A.
were classified as meeting the EEV standard. Taking into account the emission standards applicable in 2010, it can be stated that 
SuMMARY And COnCLuSIOnS
The reduced by about 0.14 %). Over the six analysed years, the modernization of Krakow's bus fl eet contributed to the reduction of NO x emissions from the road transport sector by more than 1.5 % and nearly 1.3 % of the total emissions of particulate matter (PM2.5, PM10, PMex). These changes show that if low-carbon or zero-emission urban buses transport are given priority in Krakow agglomeration, it will result in an improvement in air quality.
ACKnOWLEdGEMEnT
The 
